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Absorption of Radio Waves Reflected at Vertical
Incidence as a Function of the Sun’s Zenith Angle
By Eloise W. Taylor

The diurnal variation of icnospheric abecrption is related to the sun's zenith angle.
The absorption walues for this study were obtained from the eontinuons sutomatie Geld-
intengsity recordings mada at the Centrsl Hedio Propagation Leboratory on two frequenciss.
Beesuse of proximity of the receiving station to the transmitting atation, reflectiong are
obtalned at nearly normal incidenca.  An analysis of date covering & period of 3 pears indi-
t¢ates that little error is intreduced by assuming & linear dependenca of absorption upon the

eodine of the sun's r.eni't.h angla,

Maximum ienospheric absorption of radio waves
per unit length of virtnal path occurs at that height
where the product of the electron density and the
frequency of collisions with gas molecules is a
maximum. This may be shown to be the lower

part of the ionosphere for certain radio frequencies.

Here the ionization is produced mainly by nlira-
violet rediation from the sun. Various theories
of the formation of the Flayer indicate that the
absorption should be proportional to some power
of cos X, where X is the aun’s zeaith angle.

The effect of this ubsorption is to diminish the
field intensity of the reflected wave relative to whet
it would be in absence of sbsorption. Thus, if
Ey 16 the intensity of the wave without loss of
energy through absorption, and E is the intensity
of the wave as actually reecived, then

E=F1074, (1)

where A is the index of absorption,

The purpose of this report is to express the
diurnal variation of thiz so-called nomdevietive
abacrption, the absorption without appreciable
refraction, as

A=Ageos" X, 2)

in which X is the zenith anple of the sun and A,
is the svbsolar absorption on the frequency
investigated.

In 1944 the Central Radic Propagation Labora-
tory began & program of recording eontinuous
emisgions at vertical incidence. For this purpose
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four frequencies, namely, 2,061, 4,272, 5,892, and
6,992 ke, were smitted from the radio-transmitting
atation at Belteville, Md., and received at the
laboratory at Sterling, ¥Va. The baseline dis-
tance, about 60 km, iz sufficiently short that the
reflection can be considerad to be at vertical
incidenca,

The recordings for 2 years, from March 1945
through February 1948, of the 2,061- and 4,272-
ke frogquencies were analyzed, and the resultz are
pregented in this paper. The twe higher fre-
quencies were above or near the critical frequency
of the F2lpyer for & considarable part of the time
and have, therefore, been excluded from this study.

During the night when the absorption is negli-
gible, the fisld intensity wae assumed to be di-
minished only by the inverse distance attenustion.
This field intensity is referrad to as the unshsorbed
field intensity. The absorption for any time can
be found from the logarithm of the ratio of the
received field intensity at that tima to the unah-
sorhed field intensity. The recorded values are in
logarithms of microvolts input to the receiver, thus
the absorption for any value of cos X iz the differ-
ence betwecn unabsorbed ficld intensity and the
field intensity received at the time for which that
value of cos X obtains.

The median values of received field intensity
in logarithms of microvolts input to receiver for
each hour of the day were determined from the

...recordings. Thesc data were grouped by sessons;

gummer—Msay, June, July, August; equinox—
March, April, September, October; winter—
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November, Decamber, January, February. The
cosine of the sun’s zenith angle was calevlated
to the nearest five-hundredthe for the middle of
each hour. From these data the tmean value of
absorption correzponding o & partieular position
of the sun was determined. Corrections wera
mede for the presence of the earth’s magnetic
field and for multiple reflections, eo that the re.
sults are the average absorption index of the
ordinary component of a gingle ray for each
valua of ¢0s8 X for each season.

The values of absorption for the two lowar fre-

guencies (2,061 and 4,272 ke) are given in tables
1 and 2. The number of hours used to determine
the mean value is alse given. During the early
morhing hours, when the sun’s zenith angle is
preai, the elestron deneity of the F-layer iz not
high enough to reflect the 2,081-ke [requency.
This aceounts for the searcity of data for these
periods.

In figure I the values of the absorptios index for
the 2.061-ke frequency plotted against coe X are
shown. A line was fitted to each set of points by
visual adjustment and its slope determined. The
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Ficure 1.
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Dependence of alsorpiion of verifen! incideonce «f 20087 Fe on coxene gf aunt’s zenfll angle,
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slope is the power of cos X and has a mean valuo
of 0.87 for this frequency. The departures of the
plotted points from a straipht line for low values
of cos X are peérhape due to the scarcity of data
when the solar radiation angle is low, indicating
inaceuracy of the law for periods near grazing
incidence of solar radistion. In 1947 and 1048,
the reeords show ground-wave rather than sky-
wave propagation for several hours around noon.
The racordad field-intensity values are higher than
the sky-wave intensities, and the absprption values
nre greater than indicated. This was taken into
aecount in ftting the lines to the datn.

Figuro 2 shows similar plots for the 4,272 ke

fraquency.  The mean value of the slope is 1.07.
Difficulty was encountered in analyzing these
data, because the layer from which reflections are
obtained appears to cheange during the day.
Increases in absorption are attributed to increases
in height of reflection. An appreciably grester
change of log 4 with log cos X is noted during the
equinox snd summer of 1947 when the sunapot
numbers were very high.

Tuble 3 gives the values of A, the abacrption at
cog X=1.00, for each searon as obtained from the
dote for these two frequencies, and the mean sun-
spot number for the same period. AlMhough the
exact rate of change of A, with sunspot number
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TarLg 3. Intercepls {Ag) and slopes (R} of abeorpifon equadion A= Apcoan XK for 2,067 and 5,872 ke
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has not been determined in this paper, the values
show increnzes in nbsorption with increazed sun-
gpot numbers.

Although the slopes of the .d—ecos X curves arve
different for the two frequencies, the wvariations
with season and sunspot number appear o be
random. This elope, which reprezente the changes
in abeorption from one position of the sun to
another, is the power to which cos X is raised in
e 2. The data analyzed in this paper indicate
that the law of absorption is diffarent for the two
frequencies but tonstant with season and sunspot
number, As the mean values of the slopes for
both frequencies are closs to unity, the first power

VYertical Incldence Absceptlon

of cosine X will express the divrnmal variation of
abaorption sufficiently well for practical purposes,

It iz concluded from this analysis that a linear
dependence on cosine of the sun's zenith angle is
a gimple expression that will give the absorption
to he expecied on sny particelar frequency at
vertical incidence in the daytime. Highar ab-
sorption than would be predicted by this law is
observed when the sun's zeoith engle is close to
90° The absorption when the solar radiation is
incident: at other angles increases with increasing
solar activity.

WasHINGTON, July §, 1948,



